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$QHZDSSURDFKWRPRGHOOLQJRIDZDWHUYDSRXUVHOHFWLYHPHPEUDQHPRGXOHIRU
LPSURYLQJWKHHIILFLHQF\RIKXPLGLW\KDUYHVWLQJ
'%HUJPDLU6-0HW]+&/DQJH$$YDQ6WHHQKRYHQ
:HWVXV7KH1HWKHUODQGV7HFKQLVFKH8QLYHUVLWHLW(LQGKRYHQ7KH1HWKHUODQGV
,QFUHDVLQJZDWHUVFDUFLW\DQGWKHGHPDQGIRUVDIHGULQNLQJZDWHUKDYH OHGWRWKHQHFHVVLW\ WR
H[SORLWQHZVRXUFHVRIIUHVKZDWHU$KXJHUHVHUYRLURIIUHVKZDWHULVWKHZDWHUYDSRXUSUHVHQW
LQWKHDWPRVSKHUH7HFKQRORJLHVH[SORLWLQJWKLVVRXUFH$WPRVSKHULF:DWHU9DSRXU3URFHVVLQJ
$:93PRVWO\ FRQVLVW RI DPDLQ FRROLQJF\FOH LQZKLFKD VWUHDPRIPRLVW DLU LV FRROHGGRZQ
EHORZLWVGHZSRLQWDQGWKHFRQGHQVDWHLVFROOHFWHG>:DKOJUHQ@,QWKLVSURFHVVKRZHYHU
PRUHWKDQRIWKHHQHUJ\LVZDVWHGRQWKHSURGXFWLRQRIFROGDLU

%\ LQWURGXFLQJDZDWHU YDSRXUVHOHFWLYHPHPEUDQHPRGXOH LQWRVXFKDV\VWHPVHSDUDWLRQRI
ZDWHUYDSRXUIURPWKHRWKHUJDVHVFRXOGEHDFKLHYHGSULRUWRWKHFRROLQJSURFHVV>0HW]HWDO
@DQGWKXVPDNLQJWKHSURFHVVPRUHHQHUJ\HIILFLHQW7KLVFDQEHDFKLHYHGE\DSSO\LQJD
SDUWLDO SUHVVXUH JUDGLHQW ZLWK D YDFXXP SXPS VHH ILJXUH +RZHYHU DGGLWLRQDO ZRUN LV
UHTXLUHGWRGULYHDIHHGVWUHDPWKURXJKWKHPHPEUDQHXQLW

)LJXUH6FKHPHRIWKHWKHUPRG\QDPLFF\FOHLQDQ$:93V\VWHPZLWKRXWOHIWDQGZLWKULJKW
DPHPEUDQHPRGXOH7KHHYDSRUDWRURIWKHFRROLQJF\FOHVHUYHVDVDFRQGHQVHUIRUWKHZDWHU
YDSRXU

7KHDLPRIWKLVZRUNLVWRGHWHUPLQHWKHRSWLPDOGLPHQVLRQVDQGRSHUDWLRQDOZLQGRZIRUDKROORZ
ILEUHPHPEUDQHPRGXOH YDU\LQJ WKH UDGLXV OHQJWK IHHGVSHHGDQGPHPEUDQHSURSHUWLHV WR
REWDLQDPD[LPXPZDWHUSHUPHDWLRQWRZRUNUHTXLUHPHQWUDWLR

,Q RUGHU WR ILQG WKLV UDQJH VLPXODWLRQV ZHUH UXQ WKDW HVWLPDWH WKH ZDWHU YDSRXU SHUPHDWLRQ
WKURXJK WKHPHPEUDQH VHFWLRQZKLOH FDOFXODWLQJ WKHZRUNORDGQHHGHG WR GULYH WKH IHHG IORZ
$OWKRXJK WKHUH LV DOUHDG\ D QXPEHU RI DSSURDFKHV WR WKH QXPHULFDO VROXWLRQ RI WKH PDVV
WUDQVSRUW LQKROORZILEUHPHPEUDQHVXVLQJHLWKHUVHOIPDGHILQLWHYROXPHPHWKRGV>&UX]HWDO
@XVLQJFRPPHUFLDO&)'&RPSXWDWLRQDO)OXLG'\QDPLFVVRIWZDUH>*KLGRVVLHWDO@
RUVROYLQJWKHGLIIHUHQWLDOHTXDWLRQVXVLQJRUWKRJRQDOFROORFDWLRQ>.DOGLVHWDO@DQHZRQH
KDV EHHQ FKRVHQ LQ WKLV ZRUN DV WKH DERYH PHQWLRQHG KDYH WKHLU OLPLWDWLRQV LQ HLWKHU WKH
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SHUPHDELOLW\ VLPXODWLRQV DFFRUGLQJ WR WKH VROXWLRQGLIIXVLRQ PRGHO >:LMPDQV HW DO @ WKH
FRPSXWDWLRQDOSRZHUGHPDQGRUWKHODFNRISRVVLELOLW\WRVFDQRYHUDZLGHUDQJHRISDUDPHWHUV

7KHUDQGRPZDONHUDSSURDFKWKDWLVXVHGIRUWKHVHVLPXODWLRQVXVHVDQXPEHURI VLPXODWLRQ
SDUWLFOHV WR PRGHO WKH LQLWLDO HQYLURQPHQW RI WKH UHODWLYH KXPLGLW\ (DFK VLPXODWLRQ SDUWLFOH
UHSUHVHQWVDFHUWDLQQXPEHURIZDWHUPROHFXOHVZLWKLQWKHDLUVWUHDPDQGLVWKHUHIRUH OLNHDQ
LQGLYLGXDO ZDWHU PROHFXOH VXEMHFW WR )LFN¶V ODZ RI GLIIXVLRQ 7KLV UHVXOWV LQ GLVSODFHPHQW
DFFRUGLQJ WR D *DXVVLDQ SUREDELOLW\ GLVWULEXWLRQ UDQGRP ZLWK D PHDQ VWHS VL]H ZDONHU
DFFRUGLQJ WR WKH YDULDQFH GHWHUPLQHG E\ WKH GLIIXVLRQ FRQVWDQW DQG WKH WLPH LQWHUYDO 7KLV
GLVSODFHPHQWLVLPSRVHGRQDSDUWLFOH¶VSRVLWLRQDWHDFKVLPXODWLRQVWHS

%\DVVXPLQJDSOXJ IORZ KRPRJHQHRXVSRVLWLRQLQGHSHQGHQW VSHHGSURILOH WKHJHRPHWU\RI
WKH SUREOHP FDQ EH UHGXFHG WR  GLPHQVLRQV ZKLFK DOVR UHGXFHV WKH FRPSXWDWLRQDO WLPH
VLJQLILFDQWO\ 7R NHHS WKH SUHVVXUH GURS GXH WR IULFWLRQDO IRUFHV ZLWKLQ WKH SLSH ORZ DQG WR
DFFRXQW EHWWHU IRU WKH GHSOHWLRQ RI ZDWHU YDSRXU FORVH WR WKH PHPEUDQH FRQFHQWUDWLRQ
SRODUL]DWLRQWKHZRUNLQJUDQJHLVFKRVHQLQWKHODPLQDUIORZUHJLPH5H\QROGVQXPEHU

:LWKWKLVPRGHOWKHPRYHPHQWRIWKHSDUWLFOHVZLWKLQWKHSLSHFDQEHWUDFNHGDWDOOWLPHVDQG
DOO WKH LQFLGHQWV FDQ EH REVHUYHG ZKHUH SDUWLFOHV DFWXDOO\ LQWHUDFW ZLWK WKH ILEHU ZDOO
&RPSDULVRQ ZLWK &)' VLPXODWLRQ KDV VKRZQ D JRRG OHYHO RI DJUHHPHQW LQ VSLWH RI WKHVH
VLPSOLILFDWLRQVVHHILJXUH

)LJXUH&RPSDULVRQRI WKHFRQFHQWUDWLRQGLVWULEXWLRQ DDQG E VKRZDQD[LV\PPHWULFG
SURMHFWLRQ RI WKH FRQFHQWUDWLRQ LQ D KROORZ ILEUH LQ PROPñ IRU WKH &)' VLPXODWLRQV DQG WKH
UDQGRP ZDONHU DSSURDFK UHVSHFWLYHO\ F VKRZV WKH HYDOXDWLRQ RI WKH HVWLPDWHG IUDFWLRQ RI
GLIIXVHGPROHFXOHVDQGWKHLUOHYHORIDJUHHPHQWDVIXQFWLRQRIWKHHQWUDQFHOHQJWK/HRYHUWRWDO
OHQJWK7KHVLPXODWLRQSDUDPHWHUVDUH/ P5 HPǻS 3D

,QRUGHU WR LPSOHPHQWDPHPEUDQHSHUPHDELOLW\ LQWR WKLVPRGHODVWDWLVWLFDO UHERXQFHFKDQFH
ZDVLQWURGXFHG$VHDFKRIWKHVLPXODWLRQSDUWLFOHVUHSUHVHQWVDQXPEHURIPROHFXOHVZLWKLQWKH
YROXPH HOHPHQW DQG WKHUHIRUH UHSUHVHQWV D FRQFHQWUDWLRQ WKDW H[HUWV D SDUWLDO SUHVVXUH WKH
QXPEHU RI PROHFXOHV SHUPHDWLQJ ZLWKLQ D FHUWDLQ LQWHUYDO WLPH GXH WR WKLV SUHVVXUH FDQ EH
FDOFXODWHG7KHGHFLVLRQZKHWKHU WKHVLPXODWLRQSDUWLFOH LV WKHQ WDNHQRXWRI WKHV\VWHPRU LV
UHIOHFWHG EDFN LV JRYHUQHG E\ D SUREDELOLW\ WKDW GHSHQGV RQ WKH IUDFWLRQ RI WKH PROHFXOHV
WKHRUHWLFDOO\SHUPHDWLQJDQGWKHQXPEHURIPROHFXOHVRQHSDUWLFOHUHSUHVHQWV

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7KLV PHWKRG DOORZV IRU DQ HDV\ REVHUYDWLRQ RI WKH PHPEUDQH PRGXOH SHUIRUPDQFH ZKHQ
FKDQJLQJSDUDPHWHUVVXFKDVUDGLXVOHQJWKIORZVSHHGRUPHPEUDQHSURSHUWLHVVHHILJXUH


)LJXUH7KHFRQFHQWUDWLRQGLVWULEXWLRQZLWKLQILEUHVRIGLIIHUHQWPHPEUDQHSHUPHDELOLWLHVOHIW
DQGWKHIUDFWLRQRISHUPHDWHGSDUWLFOHVULJKW/ P5 HPǻS 3DPHPEUDQH
WKLFNQHVV P

:LWK WKH SUHVVXUH GURS GXH WR IULFWLRQDO ORVVHV DFFRUGLQJ WR +DJHQ3RLVHXLOOH HTXDWLRQV
FRUUHFWHG IRU WKH HQWUDQFH HIIHFWV >=KLTXLQJ @ WKH ZRUN ORDG IRU WKH SHUPHDWLRQ RI D
FHUWDLQDPRXQWRIZDWHUFDQEHFRPSXWHGIRUDQ\VHWRIYDULDEOHV7KHUHVXOWVFOHDUO\ LQGLFDWH
WKDW IURP D SRLQW RI YLHZ RI HIILFLHQF\ WKH PHPEUDQH PRGXOH ZLWK WKH ORZHVW HQHUJ\
UHTXLUHPHQW LV ZRUNLQJ DW ORZ IORZ VSHHGV DQG FRQVLVWV RI VKRUW DQG QDUURZ ILEUHV 7KH
VLPXODWLRQVLQGLFDWHWKDWZLWKVXFKDPRGXOHWKHZRUNUHTXLUHPHQWIRUZDWHUSURGXFWLRQFRXOGEH
UHGXFHGE\PRUHWKDQ

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